Clinical and angiographic correlates of leukocyte activation in unstable angina  by De Servi, Stefano et al.
1146 JACC Vol. 26, No. 5 
November 1, 1995:1146-50 
Clinical and Angiographic Correlates of Leukocyte Activation in 
Unstable Angina 
STEFANO Dt~ SERVI ,  MD,  FESC,  ANTONINO MAZZONE,  MD,*  G IOVANNI  R ICEVUTI ,  MD,*  
IOLANDA MAZZUCCHELL I ,  BSc,* G IANLUCA FOSSAT I ,  BSc,* DONATELLA GRITT I ,  BSc,* 
LU IG I  ANGOI , I ,  MD,  G IUSEPPE SPECCHIA ,  MD,  FACC 
Pavia, Italy 
Objectives. This study sought o evaluate the relation, if any, 
between clinical and angiographk findings in patients with un- 
stable angina and monocyte and neutrophU CDIlb/CD18 receptor 
density. The expression of HLA-I)R molecules on T lymphocytes, 
an index of activation of these cells, was also investigated. 
Background. Although activation of neutrophils and monocytes 
has recently been shown in unstable angina, no studies have corre- 
lated activation indexes with clinical and angiographic features of 
patients with this clinical condition. 
Methods. Sixty patients underwent diagnostic oronary arte- 
riography and simultaneous blood sampling from the aorta and 
coronary sinus before injection of contrast medium. Cell surface 
receptors were detected by direct immunofluorescence evaluated 
by flow cytometry using monoclonai antibodies tagged with fluo- 
rescent markers. 
Results. In 38 patknts with u,stable angina, neutrophils and 
monocytes howed a significantly higher expression of CDllb/ 
CD18 adhesion receptors in coronary sinus than aortic blood (p < 
0.0001 and p < 0.001, respecti,ely). ~hen these patients were 
analyzed according to clinical characteristics or angiographic 
findings, no difference in CDllb/CDI8 receptor expression in 
coronary sinus blood was found between the various subgroups, 
except for patients with at least one episode of chest pain at rest 
within 48 h of coronary arteriography and a higher neutrophil 
adhesion molecule density than patients who remained asymp- 
tomatic (p = 0.04). Lymphocytes in patients with stable and 
unstable angina showed a similar percent expression of CD2/ 
CD19 and CD3/HLA-DR antigens, with no difference between 
aortic and coronary sinus blood. 
Conclusions. These results in a larger cohort confirm previous 
data that neutrophil and monocyte CDllb/CD18 adhesion mole- 
cules show a higher expression in the coronary sinus blood of 
patients with unstable angina. Among clinical and angiographic 
findings in patients with unstable angina, only the occurrence of 
chest pain within 48 h of coronary angiography was related to 
significantly higher values of neutrophil fluorescence intensity, 
suggesting that the degree of neutrophil activation is related to the 
proximity of rest angina episodes to blood sampling. Finally, our 
data do not support the concept of systemic or transcardiac 
lymphocyte activation in unstable angina. 
(J Am CoU Cardiol 1995;26:1146-50) 
Recent data show that ncutrophils and monocytes are acti- 
vated in ischemic heart disease, particularly in unstable angina 
(1-5), suggesting that local inflammation in the coronary 
arteries may bc imvl~cd in the genesis of acute coronary 
syndromes (6,7). In ,, stud) 19y out ~toup (4), patients with 
unstable angina exhibited a tr,macardiac increase in the surface 
expression of neutrophil and monocytc CD 1 lb/CD18 adhesion 
receptors. Howevcr, because of the small number of patients 
included in that study, wc could not determine any relation 
between those data and clinical or angiographic findings in 
patients with unstable angina. Moreover, recent data (5) 
suggest hat lymphocyte activation should be regarded as the 
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initial event in the sequence leading to the inflammatory 
reaction observed in this clinical condition. 
Accordingly, the present study sought o evaluate in a larger 
cohort the relation, if any, between clinical and angiographic 
findings in patients with unstable angina and monocyte and 
neutrophil CDIlb/CD18 receptor density. The expression of 
HLA-DR molecules on T lymphocytes, an index of activation 
of these cells (8), was also investigated. 
Methods  
Study patients. Sixty patients who underwent coronary 
arteriography for clinical reasons were included in the study. 
Thirty-eight patients had unstable angina, defined as angina at 
rest associated with transient ST segment changes on the electro- 
cardiogram (ECG) unaccompanied by serum creatine kinase 
(CK) elevation or a new Q wave on the ECG. Patients were 
categorized as having transient transmural ischemia if they had 
either ST segment elevation or pseudonormalization f a 
baseline negative T wave during pain. Patients showing tran- 
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sient ST segment depression were classified as having suben- 
docardial ischemia during pain (9,10). Twenty-two patients had 
stable exertional angina confirmed by positive exercise test 
results, defined as the development of ST segment depression 
>1 mm. 
Cardioactive drugs, including nitrates, beta-adrenergic 
blocking agents and calcium antagonists, were not discontin- 
ued in most patients at coronary arteriography. Patients with 
unstable angina were also taking either aspirin (27 patients) or 
ticlopidine (11 patients); 10 patients with stable angina were 
taking aspirin. At the time of the study, no patient had congestive 
heart failure or an intercurrent inflammatory condition. Pa- 
tients taking nonsteroidal nti-inflammatory drugs or steroids 
were excluded from the study. All patients gave written 
informed consent, and the protocol was approved by the 
hospital ethics committee. 
Blood sampling procedure. Patients were studied in the 
fasting state after premedication with diazepam (10 mg). At 
the beginning of the procedure, a 7F Gorlin catheter was 
inserted into an antecubital vein and placed in the coronary 
sinus, and an 8F pigtail catheter was advanced from the 
femoral artery and placed in the ascending aorta. Simulta- 
neous sampling (5 ml of heparinized blood) was performed in 
the aorta and the coronary sinus before injection of contrast 
medium (4,11-13). Aortic and coronary sinus blood was col- 
lected into heparinized plastic syringes and immediately placed 
in polystyrene tubes at 4°C. 
Monoclonal antibodies and quantitative flow cytometry. 
For determination and quantitation of receptor expression, a 
direct immunofluorescence m thod was used as previously 
described (4). Briefly, aliquots of each whole-blood sample 
were phenotyped with the following monoclonal antibodies: 
OKM1 (Ortho Diagnostic, Milan, Italy) used as anti-CDllb/ 
CD18 complex; Tll/B4-FITC/PE against CD2/CD19 T lym- 
phocytes/B lympbocytes; T3-I3 FITC/PE (Coulter Immunol- 
ogy) were monoclonal antibodies against he CD3 lymphocytes 
and HLA-DR receptor; and Mo2-FITC (Coulter Immunology) 
was used against the monocyte CD14 receptor. Anti-mouse 
monoclonal antibody fluorescein isothiocyanate (Becton Dick- 
inson, Milan, Italy) was used as a negative control. Analysis 
was performed by flow cytometry using a fluorescence- 
activated cell sorter (Epics Profile II, Coulter Immunology). 
The fluorescence signal arising from monoclonal antibodies 
specifically bound to receptors was converted to molecules of 
equivalent soluble fluorescein and quantified using standard- 
ized fluorescein microbeads (Quantum 26 fluorescein isothio- 
cyanate 7.3-/xm diameter hydrophobic microspheres, FACS) 
(14,15). 
Interpretation of coronary angiograms. Significant coro- 
nary artery disease was defined as >50% narrowing of the 
lumen diameter of any coronary vessel. Coronary angiograms 
were reviewed according to the criteria proposed by Ambrose 
et al. (16). Lesions in the ischemia-related vessel, as deter- 
mined by ECG abnormalities, were classified as concentric or 
eccentric (further subdivided into type 1 lesions, in which the 
surface and borders of the lesion were smooth, and type II 
lesions, in which there were surface irregularities or overhang- 
ing edges) or having multiple irregularities. Intracoronary 
thrombus was defined as a filling defect surrounded by contrast 
medium in two or more views. Type II eccentric lesions and 
lesions manifesting multiple irregularities or intracoronary 
thrombus were considered to have complex morphology. 
Statistical analysis. Results are expressed as mean value _ 
SEM; and p < 0.05 was considered statistically significant. 
Comparisons between aortic and coronary sinus values within 
each group were made with the Wilcoxon signed-rank test. 
Comparisons between aortic and coronary sinus molecules of 
equivalent soluble fluorescein values within subgroups of un- 
stable angina were made using the Mann-Whitney U test. 
Moreover, the power of each two-sample analysis was esti- 
mated to detect adifference of mean values equal to 1.25 times 
the standard eviation. Computations were first made for a 
standard t test and subsequently applied to nonparametric 
tests, which were shown to have a power efficiency of at least 
95.5% with respect o the corresponding parametric analysis. 
Results 
Clinical and angiographic features. Of the 38 patients with 
unstable angina (32 men, 6 women; mean age 58 years, range 
38 to 74; mean ejection fraction 0.56, range 0.35 to 0.80), 10 
patients had at least one episode of chest pain within 48 h of 
coronary arteriography, whereas 28 patients were asymptom- 
atic. Transient ransmural ischemia was recorded on the ECG 
during chest pain in 14 patients; the remaining 24 were cate- 
gorized as having transient subendocardial ischemia. Single- 
vessel disease was found in 26 patients and multivessel disease 
in 12. Complex lesion morphology of the culprit lesion was 
observed in 22 patients, of whom 5 had thrombus complicating 
the coronary plaque. 
Twenty-two patients had stable angina (21 men, 1 woman; 
mean age 58 years, range 39 to 70; mean ejection fraction 0.53, 
range 0.24 to 0.76). Single-vessel disease was present in 12 
patients and multivessel disease in 10. 
Expression of neutrophii and monocyte adhesion mole- 
cules. The mean leukocyte count did not differ between pa- 
tients with stable and those with unstable angina and between 
aortic and coronary sinus blood (stable angina: aorta 6,890 _+ 
440, coronary sinus 6,560 -+ 870; unstable angina: aorta 
6,570 _ 760, coronary sinus 5,980 + 980). Also, no intragroup 
difference was found with respect to neutrophil and monocyte 
count in aortic or coronary sinus blood. 
In all patients with stable and unstable angina, >90% of 
neutrophils and monocytes bound the OKM1 monoclonal 
antibody. The monocyte-specifie anti-CDl4 monoclonal anti- 
body was bound by >95% of monocytes and by <1% of 
neutrophils (Table 1). 
In patients with unstable angina, neutrophils and mono- 
cytes howed significantly higher mean molecules of equivalent 
soluble fluorescein values of the CDllb/CD18 complex in the 
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Table 1. Flow Cytometric Analysis of Leukocytes With Various Monoclonal Antibodies Specific to Subtype 
% Positive Cells in 38 Pts With Unstable Angina 
Granulocytes Monocytes 
Monoclonal 
Antibody Ao Cs Ao Cs 
% Positive Cells in 22 Pts With Stable Angina 
Lymphocytes Granulocytes Monocytes Lymphocytes 
Ao Cs Ao Cs Ao Cs Ao Cs 
Anti-CD 11 b/CD l8 98.6 99 97.4 98.3 12.4 
Anti-CD 14 1.1 0.9 95.3 96.4 0.5 
Anti-CD2 0.9 0.9 0.8 1 91.2 
Negative control 0.8 0.7 0.2 0.3 0.2 
14.2 98.4 98.9 98.4 98.6 13.6 11.5 
0.7 0.7 0.8 95.3 97.5 0.6 0.5 
90.3 0.5 0.8 0.7 0.6 88.9 90.4 
0.2 0.7 0.8 0.4 0.3 0.3 0.2 
Ao aorta; Cs - coronary sinus; Pts = patients. 
coronary sinus than in the aorta (for neutrophils: coronary 
sinus 28.3, range 11.2 to 40.4; aorta 16.4, range 4.5 to 29.1, p < 
0.0001; for monocytes: coronary sinus 31.4, range 12.8 to 48.7; 
aorta 17.8, range 7.8 to 36.8, p < 0.001). Molecules of 
equivalent soluble fluorescein values of the CDllb/CD18 
complex of granulocytes and monocytes are reported in Fig- 
ures 1 and 2. In contrast, no difference in expression of the 
CDllb/CD18 complex was found between the aorta and 
coronary sinus in patients with stable angina, although there 
was a tendency toward higher molecules of equivalent soluble 
fluorescein values in the coronary sinus blood (for neutrophils: 
coronary sinus 20.3, range 6.1 to 37.2; aorta 13.9, range 7.2 to 
21.6; for monocytes: coronary sinus 20.0, range 7.0 to 40.9: 
aorta 15.6 range 8.0 to 28.2). Table 2 shows molecules of 
equivalent soluble fluorescein coronary sinus values of the 
CD1 lb/CD18 receptor complex in neutrophils and monocytes 
from the 38 patients with unstable angina classified into 
subgroups according to clinical presentation and angiographic 
findings. Neutrophils from patients with chest pain within 48 h 
of coronary arteriography had a significantly higher expression 
of the CDIlb/CD18 complex in the coronary sinus than 
patients who remained asymptomatic (p = 0.04). No signifi- 
cant difference in the various subgroups was found for mono- 
cytes, although patients with complex lesions tended to have 
higher molecules of equivalent soluble fluorescein values of 
monocyte adhesion molecules than patients without complex 
lesions (p = 0.12). The range of power estimates (least values) 
of these multiple comparisons was 77% to 93%, as shown in 
Table 2. 
Expression of activation antigens on lymphocytes. The 
percent expression of the CD2/CD19 antigen was 88.9 _+ 
2.4/8.7 _+ 2.8 in the aorta and 90.4 _+ 2.6/8.7 _ 1.3 in the 
coronary sinus (p = NS) for patients with stable angina and 
91.2 _+ 4.5/5.7 _+ 0.9 in the aorta and 90.3 _+ 4.1/7.1 + 1.9 in the 
coronary sinus (p = NS) for patients with unstable angina. The 
percent CD3/HLA-DR expression in patients with stable an- 
gina was 73.5 _ 7.3/1.5 _ 0.5 in the aorta and 76.4 _+ 6.7/1.7 +_ 
0.5 in the coronary sinus (p = NS). Similar values were found 
in patients with unstable angina (aorta 82.9 _+ 4.3/1.9 _ 0.5; 
coronary sinus 78.4 _+ 4.9/2.1 _+ 0.5, p = NS) (Fig. 3). 
Discussion 
The results of the present study in a larger cohort confirm 
our previous findings (4) that monocyte and neutrophil 
CD1 lb/CD18 adhesion receptors are up-regulated in the cor- 
onary sinus of patients with unstable angina. The CDl lb/CD 18 
receptor complex is a cell surface glycoprotein of the integrin 
family that is stored in the cytoplasm of phagocytes and can 
increase its surface expression early ten-fold on activation of 
Figure 1. Granulocyte CDIlb/CDI8 receptor molecules of equivalent 
soluble fluorescein (MESF) values in the two groups of patients. 
Expression of the receptor complex was significantly higher in coro- 
nary sinus than aortic blood in patients with unstable angina. 
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Figure 2. Monocyte CDllb/CD18 receptor molecules of equivalent 
soluble fluorescein (MESF) values in the two groups of patients. 
Expression of the receptor complex was significantly higher in coro- 
nary sinus than aortic blood in patients with unstable angina. 
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Table 2. Coronary Sinus Molecules of Equivalent Soluble Fluorescein Values × 103 of Neutrophil and Monocyte CD1 lb/CD18 Adhesion 
Receptors in38 Patients With Unstable Angina 
Neutrophils Monocytes 
No. of CDIlb/CD18 p Power Estimate CDllb/CD18 p Power Estimate 
Pts (mean ± SE) Value (least value) (mean _+ SE) Value (least value) 
ST segment elevation during chest pain 14 28.2 ± 4.0 34.3 -- 5.9 
ST segment depression during chest pain 24 28.3 + 3.6 0.96 89% 29.7 = 3.3 0.68 89% 
No chest pain within 48 h of CAG 28 25.8 + 3.5 29.9 : 3.3 
Chest pain within 48 h of CAG 10 36.1 ± 6.0 0.04 77% 37.8 _+ 5.2 0.07 77% 
Single-vessel disease 26 26.9 ± 4.2 30.9 _+ 3.4 
Multivessel disease 12 33.5 + 5.2 0.42 84% 34.0 + 5.0 0.31 84% 
LAD disease 28 29.1 ± 4.6 33.6 _+ 4.6 
No LAD disease 10 27.6 + 3.8 0.68 77% 28.9 ± 3.8 0.24 77% 
Complex lesions 22 31.2 ± 4.0 35.7 -+ 4.0 
No complex lesions 16 25.8 ± 4.3 0.40 93% 26.6 ± 3.8 0.12 93% 
CAG = corona~ arteriography; LAD = left anterior descending corona~, artery; Pts = patients. 
these cells and fusion of secreto~ granules with the plasma 
membrane (17). The increased expression of the adhesion 
receptors follows activation of leukocytes and precedes the 
final phase of transendothelial migration (18). However, the 
increase in CDllb/CD18 receptor density on the neutrophil 
surface is neither sufficient nor necessary for increased adhe- 
siveness because binding to endothelial ligands, such as intra- 
cellular adhesion molecule-l, is mediated by a subpopulation 
of activated CDllb/CD18 molecules (15). Therefore, it is 
likely that phagocytes with up-regulated CDllb/CD18 adhe- 
sion receptors found in the coronary sinus of patients with 
unstable angina escaped trapping in the microeirculation be- 
cause they did not express the activation epitope that provokes 
binding to endothelial ligands (18). The increased expression 
of the adhesion molecules observed in patients with unstable 
angina was not associated with a higher leukocyte count han in 
patients with stable angina. Other investigators (2) found no 
difference in blood peripheral leukocyte count between these 
clinical conditions despite vidence of neutrophil activation in 
unstable angina. 
Figure 3. Percent of CD3 T lymphocytes showing the HLA-DR 
antigen. Only a small minority of these cells expressed this antigen in 
both stable and unstable angina groups, with no difference between the 
aortic and the coronary sinus blood. 
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Correlation between angiographic features of unstable 
angina and CDIIb/CD18 receptor density. In our study, var- 
ious clinical and angiographic features of patients with unsta- 
ble angina were correlated with CD 1 lb/CD18 receptor density 
measured by cytofluorimetry in the coronary sinus. The only 
finding that was related to significantly higher values of neu- 
trophil fluorescence intensity was the occurrence of chest pain 
within 48 h of angiographic study. Thus, the closer the episodes 
of chest pain to blood sampling, the more activated were 
neutrophils in the coronary sinus of patients with unstable 
angina. Although these data do not permit elucidation of the 
origin of granulocyte activation in unstable angina, they show 
that activation of neutrophils i related to episodes of myocar- 
dial ischemia followed by reperfusion, suggesting that this 
phenomenon probably takes place at the microcirculatory 
interface with injured myocardium. It has been shown (19) that 
in unstable angina, myocardial cell injury may occur despite 
normal cardiac enzyme levels. Indeed, levels of troponin T, a 
highly sensitive and specific cell marker for myocardial cell 
injury, are frequently elevated in patients with unstable angina, 
particularly those with ECG signs of myocardial ischemia 
(19,20). In our patients with unstable angina, CK values were 
consistently within normal limits; however, a more sensitive 
index, such as troponin T levels, might have disclosed the 
presence of myocardial injury. Monocyte CD1 lb/CD18 expres- 
sion density was not associated with any specific angiographic 
or clinical findings but tended to be higher in patients with 
angiographic omplex lesion morphology. Although definite 
conclusions cannot be reached on the basis of the present data, 
it is possible that exposure of the components of ruptured 
plaques to the blood and to the interactions between platelets, 
leukocytes and endothelial cells provides a fertile environment 
for up-regulation of CDllb/CD18 adhesion receptors (21). 
Further studies are needed to clarify whether the expression of 
leukocyte adhesion molecules has a univocal pathogenesis or
whether different mechanisms are responsible for this phe- 
nomenon in neutrophils and monocytes. 
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T lymphocyte activation in unstable angina. Recently, Neri 
Serneri et al. (5) studied the capacity of monocytes to express 
procoagulant activity and of lymphocytes to modulate this 
expression in 31 patients with unstable angina, 23 with stable 
angina and 44 control subjects. White cells were separated 
using density gradient centrifugation from peripheral blood 
samples, and these preparations were used for reconstitution 
and cross-mixing experiments. Monocytes from patients with 
unstable angina expressed significantly increased procoagulant 
activity compared with those from the other groups. However, 
this effect was evident only when monocytes were in contact 
with lymphocytes in cell preparations, indicating that lympho- 
cyte activation was the crucial event for the formation of 
procoagulant activity by monocytes. Neri Serneri et al. (5) 
concluded that transient intermittent lymphocyte activation is 
responsible for the instability of angina. To test this hypothesis 
we used a double fluorescence technique to simultaneously 
measure the expression of HI_A-DR molecules on CD3 T 
lymphocytes. Recently, van der Wal et al. (22) found that the 
sites of intimal rupture or erosion of thrombosed coronary 
plaques are characterized by inflammatory infiltrates com- 
posed of macrophages and T lymphocytes howing a strong 
expression of HLA-DR antigens. Our data demonstrate that 
circulating T lymphocytes in unstable angina do not show a 
strong expression of HI_A-DR molecules because only 1% to 
2% of these leukocytes stained for this antigen, with no 
difference between aorta and coronary sinus blood samples, a
finding similar to that observed in patients with stable angina. 
Therefore, our data do not support he concept of systemic or 
transcardiac activation of circulating T lymphocytes in unstable 
angina. 
Conclusions. The results of the present study confirm the 
transcardiac activation of neutrophils and monocytes in a large 
group of patients with unstable angina. The significant corre- 
lation between up-regulation of CD1 lb/CD18 adhesion mole- 
cules on neutrophils and proximity of anginal episodes to 
blood sampling seems to support the hypothesis that neutro- 
phil activation reflects the effects of recurrent ischemia on the 
myocardium rather than inflammatory activity in the damaged 
artery. However, further studies are needed in a larger cohort 
to elucidate the mechanisms leading to neutrophil and mono- 
cyte activation in unstable angina. Finally, our data show no 
difference between patients with stable and unstable angina 
with regard to the expression of the HLA-DR antigen on T 
lymphocytes, a finding that contradicts the hypothesis of a 
systemic involvement of these leukocytes in unstable angina. 
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